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Department of Medical Entomology, Guangxi Institute of Parasitic Diseases Control (GIPDC), Nanning,
Guangxi, P. R. China
ABSTRACT. The half-life of an insecticide on a treated object can be used as a crucial test for
evaluating the residual effect. On cotton and nylon bednets, the half-life of deltamethrin was 6b.6 and55-4 days, whereas the half.-life of permethrir^r on cotton and nylon bednets was 35.0 and27.4 day.. Adeltamethrin-impregnated bednet (10 mg/m') is effective for -6-7 months and costs less than bDT
residual spraying (25/m") on the inner walls of rooms-
INTRODUCTION
Successful trials with permethrin-impreg-
nated clothing against blood-sucking arthropods
led to the expansion of the program to impreg-
nate bednets for reducing the human-mosquito
contact to prevent the transmission of mosquito-
borne diseases. In China many field trials are
now under way using deltamethrin- or permeth-
rin-impregnated bednets to reduce malaria.
These may replace DDT residual spraying in
malaria control programs (Curtis et al. 1989.
Rozendaal and Curtis 1989).
This laboratory study evaluated the insecti-
cidal and repellent effects of permethrin and
deltamethrin in different fabrics to 4 important
mosquito vectors, to find a suitable dosage and
to compare the cost-effectiveness of each. AIso,
a mathematical method is described to predict
the residual effectiveness of insecticides on the
treated bednets.
MATERIALS AND METHODS
Chemicals used: Deltamethrin, pure powder(99.9Vo) for bioassays, and K-Othrine (2.8% del-
tamethrin wp) for impregnating bednets ob-
tained from Roussel-Uclaf Co., and permethrin,
80% technical grade, product of San Ling Co.,
Shanghai, China, were used.
Netting used: 64-81 mesh/cm2 of nylon and
white cotton netting, thickness of thread is 0.2b
mm, was manufactured by the Liuzhou Bednet
Factory.
Mosquito specics tested: The following 4 spe-
cies susceptible to pyrethroids, AnopheLes inbn-
sis Wied., An. minimus Theobald, An. anthro-
pophggus Xu and Feng and Culex quinquefascia-
fus Say, were studied. AII mosquitoes were
reared and tested in an insectarium at 26.C and
80% RH.
r Financially supported by UNDP/World Bank/
WHO Special Programme for Research and Trainins
on Tropical Diseases.
Degradation of pyrethroids on nylon and cotton
bednets : Theory-The longevity of effectiveness
of an insecticide on a treated object is important,
and usually it is determined by window trap
techniques in the field. We recently developed a
new method to determine the half-life of insec-
ticides on treated objects. The degradation of an
insecticide on a treated surface corresponds with
the first order reaction of chemical dynamics(Lewis and Cowsar 1977), that is:
q, : Q" x e-kt (1)
where Q, : residual amount of insecticide after
time t on a treated object, Qo : beginning dosage,
k : factor of first order reaction of chemical
dynamics, t : time and to; : half-life.
The relation between k and te.5 of insecticides
is:
k  -  ln  2/ tou:0.693/ to5 (2)
from equation (1), (2) we can get:
log Q. : Iog Q. - (0.3009/tob) x t (3)
tos : 0.3009/(log Q. - Iog Q,) (4)
Let the beginning dosage (Q,) be equal to 100%
and the residual amount after t time (e.) is e,%: (Q,/Q") x 100, then (B) and (4) is changed to:
and logQ' :  2-  (o.3oo9/ to.F)  x t  (5)
1".u : (0.3009 x t)/(2 - log Q,%) (6)
Procedure for determining the half-life of Wr-
ethroi.ds on an irnpregnnted bednet: One piece of
bednet fabric that had been impregnated with
an exact dosage of pyrethroid was extracted
thoroughly by acetone; the extract was reduced
to 2 ml for analysis. Second instar larvae of
Culex quinquefasciatus were used for determi-
nation of the residual amount by a bioassay
method (Wu 1987, Rang and Wu 1983); values
for Q,% and Q" were substituted into equation(6), and the value of to.s was calculated. To avoid
the enor of a single determination, b-6 replica-
tions of different t and QrTo were done, and these
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values were plotted on semi-logarithm coordi-
nates, QlVo (in logarithm) along y-axis and t
(natural number) along x-axis, respectively,
making a straight line. From this line the to.s
can be calculated. Alternatively, the exact value
of to.s and its95% fiducial limit can be calculated
from the regression line. The reproducibility and
precision ofthis bioassay method were very good
when single instar larvae were used (Rang and
Wu 1983).
Contact toxicity of bednets impregnated with
different dosages of apyrethroid: Pieces ofbednet
netting (16 x 15 cm) were soaked in a concen-
trated solution of pyrethroids and were dried by
layingthem flat on a nonabsorbent surface. Fifty
3- to 7-day-old female mosquitoes fed on l0%
sugar solution were anaesthetized with COz and
placed in the test chamber lined with the treated
netting. Mortality was recorded over time to
calculate the KTso and KTgs value by probit
analysis (Finney 1952).
Behauior of mosquitoes to bednets impregnated
with pyrethroids: A guinea pig with its back
shaved and protected by a thick cloth to prevent
unnecessary mosquito bites was restrained. A
piece of pyrethroid-treated bednet was placed
over the shaved back. The animal was then
placed in a cage (45 cm3) with hungry female
mosquitoes overnight. Blood feeding and mor-
tality were recorded after 24 h.
Tensile strength test: The pyrethroid-impreg-
nated bednets were hung over a bed in a room
for 12 months and were then sent to The Nan-
ning Institute of Textiles to check for their
tensile strength according to International
Standard Organization standard no. ISO-5081-
77.
RESULTS
The residual amounts of pyrethroids on cot-
ton and nylon fabrics over time are shown in
Table 1, the half-life of deltamethrin in cotton
and nylon bednets was 65.6 and 55.4 days,
whereas the half-life of permethrin on cotton
and nylon bednets was 35.0 and,27.4 days, re-
spectively. The chi-square test showed that the
rate of loss of the pyrethroids was very much
like the first order reaction of chemical dynam-
ics.
Toxicities of the pyrethroids to 4 species of
mosquitoes (KTso and KTgs) are shown in
Tables 2 and 3. It was found that the toxic action
of pyrethroids to mosquitoes varied with the
type of fabric used. The nylon bednet impreg-
nated with a pyrethroid had a faster toxic effect
than a cotton bednet, particularly with permeth-
rin. Deltamethrin was more toxic than permeth-
rin at the same dosage levels.
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Table 4. Repellent effect of bednets treated by pyrethroids'
7o mortality
Insecticide
Dosage
mglm' Species
No. of  No. of
expts. mosquitoes
Blood feeding
rute 7o Fed Unfed
Permethrin
* C uLex quinquefasciatus.
*a Anopheles sinensis.
Table 5. Breaking stlglgth ofbednet cloth impregnated with pyrethroids (tested 1 year after impregnation).
Deltamethrin
Untreated
Cx. quinq.*
Cx. quinq.
Cx. quinq.
Cx. quinq.
Cx. quinq.
An. s in.**
Cx. quinq.
Cx. quinq.
Cx. quinq.
An. sLn.
Cx. quinq.
Cx. quinq.
Cx. quinq.
Cx. quinq.
An. sin.
0 70.5
0 68.1
0 0
0 0
4.5 0
33.5 3.4
0 0
0 0
0 0
14.3 2.5
0 0
0 0
0 0
0 0
0 0
5.0
5.0
0 .5
0 .1
0 .1
0 .1
5.0
5.0
5 .0
5.0
1 .0
0
0
0
0
I
2
1
I
2
1
1
2
o
I
1
I
2
1
268
260
166
244
3r2
1.25
2t4
78
393
170
217
21.0
t64
216
85
0
4.6
3.6
0
7.r
4.8
0
0
3.8
4.1.
91 .9
93.3
90.7
18.8
lnsecticide and
dosage
Type of Samples
fabric tested
Breaking strength*
i + S D t-value
Deltarnethrin
bu mglm'
Permethrin
400 mg/m2
Untreated
Cotton 10
Nylon 11
Cotton 10
Nylon 11
Cotton 8
Nylon 10
164.7 + 14.0
111.6  +  16 .6
152.3 + 16.4
109.1 + 10.5
146.5 + 7.3
89.3 + 7.7
1.57 NS**
1.88 NS
0.44 NS
2.14 NS
* Newton/5 x 20 cm.
** Not significant when compared with untreated fabric.
Table 6. Cost-effectiveness comparison between residual spraying and bednet impregnation
No. of
treatments*
Cost (yuan)
Method Chemical Labor Ratio
DDT residual spraying
(2 g/m")
Deltamethrin impregnation
(10 mglm' )
(5 mglm')
Permethrin impregnation
(800 mglm' )
(400 me/m')
1
1
I
I
I For a 150-day protective period. It was estimated that each home had an inner wall surface of 150 m'to be
sprayed or 2.5 bednets to be impregnated.
4.20
0.72
0.36
t2.60
6.30
0.60 I
0 .15
0.08
2.63
1.31
Repellent effects of impregnated bednets on
mosquito landings were observed even when the
dosage was as low as 1/100 of the treatment
dosage (deltamethrin : 0.1 mg/m' ) (Table 4).
There were no corrosive effects on the bednet
fabric at a dosage of 50 mg/m' , which was 5
times the recommended dosage 1 year after im-
pregnation (Table 5).
DISCUSSION
When 20 min is set as a critical KTso value
for the 4 species of mosquitoes, then from Table
2 the dosage for impregnating bednets would be
0.5 mglm2 for deltamethrin and 20 mgfm2 for
permethrin. For example, to calculate protective
time for 150 days (t), substitute the above values
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into equation (3) and as a result, the impregnat-
in^g dosage for deltamethrin would be i.l{ mg/
m2 whereas for permethrin it would be Bgg.iS
mg/m2. Generally, the recommended dosage for
permethrin ranges from 200 to 1,000 mg/m2 and
for deltamethrin from L5 to 25 mg/mt (Rozen-
daal and Curtis 198g). To assure effectiveness.
the theoretical dosage should be doubled: there-
fore, the dosage of permethrin would be g00 mg/
m2 compared with deltamethrin (5 mC/m;).
These numbers are in close proximity to ttre
recommended dosage that was obtained from
the field trials.
The cost-effectiveness was calculated and
compared with DDT residual spraying at a dos-
age of 2 gfm2 on the inner wall of thi room as
shown in Table 6. DDT residual spraying was a
classical method of mosquito control for malaria
eradication, but it is only suitable for areas
where the vector has not yet developed resist-
ance to DDT. DDT has almost lost its toxic
effect against Anopheles sinensis.In 1987 (Wu,
unpublished data), it was found in some rural
areas of Guangxi and Hubei provinces that the
mortality of An. sinensis was 20-40Vo after
forced contact for t h when the surface was
treated with DDT at2 g/m2. However, the KTgs
values of 4 important vector mosquitoes were
only 30-50 min when they contacted deltameth-
rin-treated bednets at a dosage of 0.b mg/mr. If
the impregnating dosage of deltamethrin is in-
creased to 5 mg/m2 (double the theoretical dos-
age), the protective time will be longer, and the
impregnation can be easily done at one-fifth the
cost of DDT residual spraying.
Besides the toxic action, the pyrethroid-im-
pregnated bednets provided protection without
causing mortality, thus exhibiting repellent ef-
fects against resting mosquitoes on the bednet
during day'time and at night. This is particularly
important in rural areas because the mosquitoes
that are not killed will be repelled by the bednet.
Usually the bednets are washed once a year.
so impregnating the bednets just after *"shirrg
would be an ideal time. It should be made sure
that the dosage is no more than 10 mg/mr. This
dosage is enough to provide a 6- to Z-month
protective period without causing any damage
to the fabric of the bednet. The cost of impreg-
nating with permethrin at a dosage of 40O mg7
m2 will be 1.3 times the cost of DnI] residu"al
spraying.
In conclusion, the half-life of deltamethrin
and permethrin on the cotton and nvlon fabric
was 65.6, 55.4 and 35.0,27.4 days, respectively.
Bednets impregnated with deltametlirin at a
dosage of 5-10 mg/m'provided 5-6 months'
protection against resting mosquitoes on the net
during the day and preventing mosquito bites
through the net at night. It is cheaper than DDT
residual spraying on the inside walls of the
house, easy to undertake without causing any
damage to the fabric, and is acceptable.
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